It is widely recognized that teacher training affects the fidelity with which evidence-based substance use prevention curricula are implemented. We present the results of a 2005 survey of teachers from a nationally representative sample of 1721 public middle schools in the US (78.1% response rate). We measured fidelity along two dimensions (adherence and dose) and also assessed the number of hours, recency, and perceived effectiveness of teachers' training, as well as the degree to which adherence was emphasized during training. Among teachers using evidence-based curricula, 35.3% reported following their curriculum guide very closely. The average proportion of lessons taught was 64.9%, and only 30.2% of teachers taught all the lessons in their curriculum. Analyses revealed that teachers whose training emphasized adherence were five times as likely to be more adherent. We present recommendations for training-related factors that may increase fidelity of implementation.
Introduction
Although recent trends suggest a decline in substance use among middle school students in the United States, their level of use remains a concern. In 2007, over one-third of 8 th grade students reported having ever used alcohol, and approximately one-fifth reported having ever used cigarettes or any illicit drug (Monitoring the Future, 2007a Future, , 2007b . Given these figures, the role of school-based substance use prevention education continues to remain salient. In this paper, we investigate the role of teacher training in fidelity of implementation of evidencebased substance use prevention curricula.
The Principles of Effectiveness, promulgated by the Office of Safe and Drug-Free Schools Program (OSDFS) in 2002, requires the use of evidence-based prevention curricula in schools that receive support from the program. There are now a number of compendia of such curricula available (e.g., National Registry of Evidence-based Programs and Practices [NREPP] , Blueprints for Violence Prevention, US Department of Education), and there is widespread agreement that these curricula are a critical component of the nation's efforts to prevent substance use (National Institute on Drug Abuse, 2003; Drug Strategies, 1996) . As of the beginning of the decade, however, a large majority of the nation's middle schools had not yet implemented any evidence-based curricula (Ringwalt et al., 2002) .
Fidelity of implementation of school-based curricula has been repeatedly associated with achieving expected outcomes (Abbott et al., 1998; Botvin, Baker, Dusenbury, & Tortu, 1990; Connell, Turner, & Mason, 1985; Dane & Schneider, 1998; Dusenbury, Brannigan, Falco, & Hansen, 2003; Elliott & Mihalic, 2004; Rohrbach, Graham, & Hansen, 1993) . In a comprehensive review of health education in the United States, Connell and colleagues (1985) reported that fidelity was related to increases in student knowledge, attitudes, and selfreported behavior. Botvin and colleagues (1990) found a positive relationship between the proportion of curriculum activities completed and effects achieved, while Rohrbach and colleagues (1993) reported effects on key mediators for teachers who implemented a curriculum with a high degree of fidelity. Although a certain amount of adaptation may be unavoidable (Pankratz et al., 2006; Stead, Stradling, MacNeil, MacKintosh, & Minty, 2007) , or may even enhance the fit between a program and its intended audience (Dane & Schneider, 1998; Rogers, 2003) , and despite multiple challenges to the successful translation of research to practice in school settings (Renes, Ringwalt, Clark, & Hanley, 2007) , program providers are generally advised to implement their curricula with high fidelity.
Fidelity has been defined as the degree to which a program is implemented as intended by the developer and helps to ensure the internal validity of the program when taken to scale (Wagner, Tubman, & Gil, 2004) . Because of the heterogeneity with which the concept has been defined and labeled (alternates include "adherence," "integrity" and "compliance") the prevention field has suffered from a lack of agreement as to how it should be conceptualized. However, in a recent review of the literature on fidelity, Dusenbury and colleagues (2003) identified the following five dimensions: (1) adherence, or the extent to which activities and methods are implemented as written; (2) dose, or the amount of the content received by the intended audience; (3) quality of program delivery, or how close to a theoretical ideal the provider delivers the content; (4) participant responsiveness, or participants' engagement and involvement in the program's content and activities; and (5) program differentiation, or the implementation of essential components that uniquely characterize the program.
A variety of factors affecting fidelity have been identified, including school and district contextual factors (McCormick, Steckler, & McLeroy, 1995; Ringwalt, Vincus, Ennett, Johnson, & Rohrbach, 2004) , as well as characteristics associated with both program providers (Rohrbach, Dent, Skara, Sun, & Sussman, 2007; Rohrbach et al., 1993; St. Pierre, Osgood, Siennick, Kauh, & Burden, 2007) and their students Ringwalt et al., 2004) . One factor that is consistently cited as essential to curriculum fidelity is teacher training (Connell et al., 1985; Dusenbury, Brannigan, Falco, & Lake, 2004; Dusenbury & Falco, 1995; Dusenbury, Hansen, & Giles, 2003; McCormick et al., 1995; Parcel et al., 1991; Perry, Murray, & Griffin, 1990) .
Training provides an important opportunity for teachers to develop and practice interactive teaching skills such as group discussions, brainstorming, and student role plays, thereby enhancing the quality of implementation (Basen-Engquist et al., 1994; Levenson-Gingiss & Hamilton, 1989; Rohrbach et al., 1993) . Many of these skills constitute the foundation of evidence-based substance use prevention curricula (Tobler et al., 2000) , but may not typically be utilized by teachers during their normal instruction (Tortu & Botvin, 1989) .
Although teachers' level of implementation may vary widely (Botvin et al., 1990) and may attenuate in subsequent years (Rohrbach et al., 1993) , it appears that teachers who are trained in a given curriculum are more likely than those not trained to adhere to its guide (Jones & Bowler, 1997; Ringwalt et al., 2003) and implement a higher proportion of lesson activities (Connell et al., 1985; McCormick et al., 1995) . The importance of training has been underscored by Ringwalt and colleagues (2003) , who found significant relationships between fidelity and four measures of training, of which two, perceived effectiveness and recency, were most strongly correlated. McCormick, Steckler, and McLeroy (1995) also found that training was a significant predictor of whether several curricula (Growing Healthy, Teenage Health Teaching Modules, or Project SMART) were implemented, both initially and in later years.
A number of studies have considered different aspects of training and examined their relationships to fidelity. Ringwalt and colleagues (2003) found that teachers who were recently trained were more likely to adhere to curriculum guides and Ennett and colleagues (2003) found that they were more likely to use effective content and delivery methods. Teachers' posttraining self-efficacy and perceptions of the effectiveness of their training are also related to increased levels of fidelity Rohrbach et al., 1993) . The modality used to provide teacher training also appears to be important, although little research has compared the effectiveness of different approaches. In-person training workshops have been shown to produce greater fidelity than self-instruction via video (Basen-Engquist et al., 1994; Perry et al., 1990) . To date, the most common training modality offered by developers of evidencebased curricula has been in-person training workshops (cf., NREPP; Blueprints), although some curricula (e.g., All Stars, Project ALERT) now provide online training as an option. Regardless of mode, teacher training is provided for the majority of evidence-based curricula, and many developers require it as a condition of receiving curriculum materials.
The purpose of this paper is to estimate the prevalence of training among teachers using evidence-based substance use prevention curricula in US public middle schools. We also examine the association of key training-related characteristics with two dimensions of fidelity identified by Dusenbury and colleagues (2003) , adherence and dose. In particular, we address the following research questions in regard to teachers identified by their schools as having the greatest amount of responsibility for teaching substance use prevention:
1. What proportion of lead substance use prevention teachers in US public middle schools who are implementing an evidence-based curriculum have been trained in the curriculum?
2. How many total hours were they trained in the curriculum, how recently were they trained, and for how many hours?
3. How effective did they perceive their training to be?
4.
To what extent was adherence to the curriculum guide emphasized during training?
5.
To what extent are these training factors, both individually and collectively, related to the fidelity with which the teachers reported that they implemented their curricula, both in terms of adherence and dose?
We expected to find that teachers who were trained recently, who believed that their training was effective, and whose trainers emphasized fidelity would be more likely to adhere to their curriculum guide (Jones & Bowler, 1997; Ringwalt et al., 2003) . We also expected that the amount of training teachers received would be significantly related to the proportion of lessons they implemented (Connell et al., 1985; McCormick et al., 1995) .
Methods Sample
Data for these analyses come from the second wave of the School-based Substance Use Prevention Programs Study, a longitudinal nationwide survey of substance use prevention practices in US middle schools. We selected schools in two phases, the first of which came from a 1997-1998 sampling frame from Quality Educational Database (Quality Education Data Inc., 1998). We defined schools with middle school grades as those that included either 7 th or 8 th grade, those that were 5 th and 6 th grade only, and those with a stand-alone 6 th grade. Schools comprising grade configurations other than these were not included in the frame, nor were those designated as alternative, charter, vocational or technical, or special education, those administered by the US Department of Defense or Bureau of Indian Affairs, or those with fewer than 20 students. The sampling frame yielded 2,273 eligible public schools.
A second sample of 210 schools was drawn from a 2002-2003 sampling frame maintained by the Common Core of Data (National Center for Education Statistics, 2004) using the inclusion criteria specified above. The purpose of this "refreshment" sampling strategy was to maintain the sample's representativeness by accounting for the net gain in the number of schools nationwide in the intervening five-year period. The original and refreshment samples were both stratified by population density, school size, and poverty level, with equal probabilities of selection within each stratum.
Because of the possibility of error on the sampling frames, we contacted sampled schools to confirm their eligibility status. This process yielded 2,204 verified eligible schools with middle school grades.
Participants and data collection
We began contacting schools in October 2004 to verify their eligibility status and to collect the name and contact information of the person who was the most appropriate respondent for our study; that is, the person at the school responsible for teaching substance use prevention to students in middle school grades. If the school identified more than one such teacher, we asked for the name of the person who taught substance use prevention and knew more about it than anyone else. We then labeled this person as the school's "lead" substance use prevention teacher. In recognition of the fact that prevention may have been taught by district personnel, prevention specialists, law enforcement personnel, or other outside providers, we did not stipulate that our respondent be a classroom teacher or be employed at the school.
Full data collection began in January 2005 and concluded in July of that year. We began by mailing an invitation to the respondent identified during our initial sample verification process. Each respondent received a unique PIN and instructions for logging onto and completing our secure, 45-minute Web questionnaire. We also provided a $10 prepaid cash incentive, as well as information about the study in the form of a "Frequently Asked Questions" sheet. We contacted non-responders via a series of email and mailed reminders. We then mailed paper copies of the questionnaire, which included a self-addressed stamped return envelope and a letter of support from OSDFS, to those who had not yet responded. Finally, we attempted to conduct an abbreviated telephone interview with those who did not respond to the paper questionnaire. This sequential mode of data collection yielded an overall response rate of 78.1% (n=1721), with 65.2% (n=1122) responding by Web, 18.9% (n=325) by paper, and 15.9% (n=274) by phone. More detailed information about our data collection approach is available elsewhere (Pope, Vincus, & Hanley, 2007) .
Measures
Our questionnaire included a set of items related to use of substance use prevention curricula in the respondent's school. The first item assessed whether the respondent taught a substance use prevention curriculum to students in middle school grades in their school. The next two questions asked them to identify all such curricula they taught during the current school year, and which one of those curricula they taught the most that school year. Web and paper respondents were provided a list of 28 curricula from which to choose for these two questions, including an option for locally-developed curricula and an open-ended response option to identify any other curricula we did not specify. Telephone respondents were asked these two
questions in an open-ended format and responses were coded into our list.
The 28 curricula on our list were derived from registries maintained by NREPP (NREPP, 2004) , Blueprints for Violence Prevention (Center for the Study and Prevention of Violence, 2004) , and the US Department of Education (US Department of Education, 2002), as well as additional curricula that are not evidence-based but were shown in an earlier study to have been used by at least 5% of the nation's middle schools in 1999 (Ringwalt et al., 2002) . For the purposes of this paper, we consider evidence-based substance use prevention curricula to be those that, as of 2005, targeted universal student populations, were intended for middle school students, were commercially available, and were designated as "effective" or "model" by NREPP, "promising" or "model" by Blueprints, or "exemplary" by the US Department of Education. Using these criteria, we identified the following ten evidence-based curricula: All Stars, keepin' it REAL, Life Skills Training, Lion's Quest Skills for Adolescence, Positive Action, Project ALERT, Project Northland, Project TNT, Social Competence Promotion Program for Young Adolescents, and Too Good for Drugs.
We included a set of items that measured various aspects of training. Respondents were asked to answer the questions in reference to the curriculum they used the most. The first of these questions asked respondents to specify the total number of hours of training they had received in the curriculum. They next reported how recently they had received training in the curriculum.
Respondents who reported that they had received no training whatsoever skipped the remaining items on this topic. Our next question asked how many hours of training they received during their most recent training. To obtain a measure of perceived effectiveness of training, we asked to what extent respondents felt their most recent training prepared them to teach the curriculum. Respondents also reported how much emphasis had been given during their most recent training to following the curriculum guide closely. They were then asked to indicate whether any of a number of potential barriers had been a problem in their teaching of the curriculum, including "the curriculum guide does not meet my needs."
After completing our training items, respondents were routed to one of four templates that assessed various factors related to fidelity of implementation. Based on their response to the question which identified the curriculum they used the most, they completed a fidelity template specific to All Stars, Life Skills Training, Project ALERT, or "Other." All pertinent questions in all four templates were the same, and were framed in reference to the most recent time the respondent had taught the curriculum.
Each template included a question that asked respondents to indicate the number of lessons they taught, and also asked them to indicate their level of adherence to the curriculum guide. The wording of the latter question is the same as that used by Ringwalt and colleagues (2003) in analyses of data from an earlier wave of the current study. Table 1 lists our measures and response options. A copy of our instrument is available from the first author.
Based on the distributions of our variables, we collapsed the number of hours respondents reported that they were most recently trained into a three-level variable (0-6 hours, 6-8 hours, 8+ hours). We also dichotomized "perceived effectiveness of training" and "emphasis placed on following the curriculum guide" into "a great extent/not a great extent" and "a great deal/ not a great deal," respectively. Respondents who indicated that they taught "16 or more lessons" of the curriculum were credited as having taught all the lessons in the curriculum.
Analysis plan
All analyses were conducted in SAS version 9.1 using weighted data and procedures that accounted for the stratified sampling design. Sample weights were constructed from original probabilities of selection computed on the 1998 sample (Jones, Sutton, & Boyle, (2002) , in conjunction with probabilities of selecting new schools from the 2002 sample.
Prior to analyses, we confirmed that each of the ten evidence-based curricula offered training and provided curriculum guides to teachers. Because we were interested in examining the relationship of training to fidelity of implementation of evidence-based curricula, we began our analyses by restricting our sample to those who indicated that they taught one of these curricula "the most." This criterion reduced our analysis sample from 1721 to 400 cases. Our analyses were further restricted to Web and paper respondents (n=343) because questions related to training were not asked in the abbreviated telephone interview. We eliminated an additional 16 cases due to inconsistent responses to either our training questions or our fidelity template items. The demographic characteristics of our final analysis sample of 327 respondents are provided in Table 2 .
Using this analysis sample, we computed descriptive statistics for our two dependent variables of interest (adherence to the curriculum guide and dose). Dose was computed by dividing the number of lessons respondents reported teaching by the total number of lessons in the curriculum.
We derived estimates of the proportion of teachers implementing an evidence-based curriculum who had been trained in the curriculum via our question regarding recency of training. We limited all subsequent analyses to those teachers who had been trained (n=276). We then computed means and proportions for all of our training variables.
We followed these analyses by performing cumulative logit analyses (Allison, 1999) on each of our two dependent variables, adherence to the curriculum guide and proportion of lessons taught, using PROC SURVEYLOGISTIC (SAS Institute Inc., 2004). Adherence was recoded as a three-level variable in which those who did not use a curriculum guide at all and those who followed one but not very closely were collapsed into one category. Given that our dose measure was calculated as a proportion score, linear regression analyses were not appropriate. We, therefore, categorized it as a three-level variable based on a tertile split of the distribution and conducted cumulative logit analyses on the resulting ordinal variable.
We included respondents' perceptions of the adequacy of the curriculum guide as a control variable in the adherence model. We excluded the total number of hours of training from both models due to its similarity and potential collinearity with our measure of the number of hours of most recent training.
Results
Our analyses revealed that 35.3% (CI=29.8%, 40.8%) of all lead teachers in US public middle schools using an evidence-based curriculum followed their curriculum guide very closely, while 56.3% (CI=50.8%, 61.7%) followed it somewhat closely, 6.0% (CI=3.3%, 8.6%) followed it not very closely, and 2.5% (CI=0.7%, 4.2%) did not use a curriculum guide at all. The average proportion of lessons taught was 64.9% (CI=61.2%, 68.6%), and 30.2% (CI=24.8%, 35.6%) of teachers taught all the lessons in the curriculum.
Overall, 82.3% (CI=77.9%, 86.6%) of the lead teachers who were implementing one of the ten evidence-based curricula we identified had been trained at some point in that curriculum. In Table 3 , we present the means and proportions and associated 95% confidence intervals for our independent variables. Approximately one-third of teachers' most recent training lasted at least eight hours, and over 90% believed that their training prepared them to teach the curriculum to either "some" or "a great" extent. Nearly two-thirds indicated that during their most recent training, "a great deal" of emphasis was placed on following the curriculum guide, and less than 15% felt that the curriculum guide did not meet their needs.
The results of our cumulative logit analyses are presented in Table 4 . With respect to adherence to the curriculum guide, perceived effectiveness of training (OR=2.70, p <.001) and the emphasis trainers placed on following the curriculum guide (OR=5.59, p <.0001) emerged as significant correlates. After controlling for all other variables, including adequacy of the guide, those teachers who perceived their training to be effective were twice as likely to be more rather than less adherent compared to those who did not perceive their training to be effective (AOR=2.15, p <.05). Teachers whose training emphasized the importance of adherence were five times as likely to be more rather than less adherent than teachers whose training did not emphasize adherence (AOR=5.45, p<.0001).
Emphasis placed on following the curriculum guide also emerged as a significant correlate in our dose model (OR=1.70, p<.05), while recency of training approached significance (OR=1.24, p<.10). After adjusting for all other variables, these two variables approached significance (AOR=1.52, p=.10 and AOR=1.23, p<.10, respectively).
Discussion
In this study, we found that of the US public middle school teachers who were using an evidence-based curriculum in 2005, 82% had received training in the curriculum. This is encouraging because of the overwhelming evidence that suggests training is vital to ensuring fidelity. Teachers who receive training are more likely to develop the essential interactive teaching skills upon which most evidence-based curricula depend. The high proportion of teachers trained in their curriculum is likely an indicator of financial and other support for prevention offered by the school or school district (Connell et al., 1985; King, Wagner, & Hedrick, 2001 ). There remains some room for improvement, however, given that about onefifth of teachers have not received training in the curriculum they are using. Recent reports suggest that among teachers who have not been trained, the majority recognize the value of training and would prefer to be trained (Anderson, Aromaa, & Rosenbloom, 2007) .
We were discouraged by the fact that only 35% of teachers reported following their curriculum guide very closely. This, however, represents a considerable improvement over what we found in our previous study in which only 15% of teachers reported following their curriculum guide very closely in 1999. The previous results, however, included users of any of 48 commercially-available curricula, many of which were not evidence-based, and some of which may not have included a curriculum guide. Developers of evidence-based curricula may be more aware of the importance of fidelity and, thus, more likely to emphasize this concept in their training protocols. Furthermore, these curricula have been recognized as evidence-based by the national registries specified above and, therefore, have demonstrated that they can be implemented with fidelity. We note, however, that only about two-thirds of respondents in our study -all of whom implemented an evidence-based curriculum -indicated that a great deal of emphasis was placed on following the guide during their most recent training. Although such a proportion may be promising and indicative of recent efforts by state and federal agencies to promote fidelity, we are cautious about it given our finding that those teachers whose training emphasized adherence were five times as likely to be more adherent compared to those whose training did not emphasize adherence. Curriculum developers, therefore, should continue to highlight the importance of this critical concept in their training procedures.
We also found that the average proportion of lessons taught by teachers was only 65%, and only 30% of teachers taught all the lessons in their curriculum. We note that these figures may be slightly inflated given that those who indicated they taught 16 or more lessons were assumed to have taught all the lessons in the curriculum. Although we recognize the apparent inevitability of program adaptation and abbreviation (Pankratz et al., 2006) , the fragmented fashion in which evidence-based curricula are being implemented jeopardizes their ability to prevent substance use among students. With fewer than two-thirds of lessons being taught, critical content is undoubtedly being omitted. These results, taken together with those related to adherence, indicate low levels of fidelity along the two dimensions we measured.
Although we did not find support for our hypothesis that recency of training was related to adherence, we did find that teachers who believed their training was effective were twice as likely to be more adherent to the curriculum guide. As suggested by Rohrbach, Graham, and Hansen (1993) and Romano (1996) , this may be due, in part, to increases in teachers' selfefficacy. Unfortunately, our measures did not allow us to explore this relationship.
Although no significant correlates emerged in our dose analyses, including number of hours of training as we hypothesized, recency of training and emphasis placed on following the guide showed promise and warrant further consideration in future research.
In post hoc analyses, we found that only 7.5% (CI 3.9%, 11.0%) of teachers indicated that their most recent training was conducted either wholly or partially online. As developers consider ways to effectively disseminate their curricula, and as schools and districts struggle to appropriately allocate diminishing resources available for substance use prevention, online training represents a promising avenue to achieve both. However, although online training may be effective in increasing trainees' self-efficacy and application of learned skills in a public health context (Farel, Pfau, Paliulis, & Umble, 2003) , it may not provide them with sufficient opportunities to develop, practice, and receive feedback on the interactive skills needed to implement evidence-based programs with fidelity (Tortu & Botvin, 1989) . There is some evidence to suggest that those trained in-person are more likely to use interactive methods than those trained by other means such as video (Basen-Engquist et al., 1994) . As opportunities for online training proliferate, future research should evaluate whether this approach effectively prepares teachers for the skills required to implement substance use prevention curricula as intended. We are aware of one study currently underway that is addressing this issue (ETR Associates, 2008) .
This study has several limitations. First, our bi-dimensional conceptualization of fidelity (adherence and dose) does not address other aspects of the construct identified by Dusenbury and colleagues (2003) and others. Our approach did not take into account quality of delivery, for example, which has been widely shown to affect student outcomes. However, by including a measure of dose in our analyses, we advance the earlier work by Ringwalt and colleagues (2003) who considered only adherence per se. Furthermore, we considered additional factors such as the number of hours of training respondents received and the emphasis placed on following the curriculum guide during training.
We did not, however, take into account any of several curriculum-specific characteristics that may influence adherence and dose, such as time requirements or the number of lesson activities. However, our goal was to aggregate across all evidence-based curricula and identify trainingrelated variables that affect fidelity. The fact that we found significant correlates suggests that training is, in fact, related to fidelity irrespective of curriculum type.
The current study is further limited by the fact that we only surveyed the lead substance use prevention teacher in each school. As suggested by Ringwalt and colleagues (2003) , these teachers, by virtue of their position, may be more invested in the curriculum they teach -and thus more likely to maintain fidelity to it -than other substance use prevention teachers at the school. Our approach of identifying these respondents in sampled schools may thus have led to positively biased estimates of training and fidelity.
Finally, because our training-related items were not asked as part of our abbreviated telephone interview, our analysis sample included only those who responded via the Web or paper, thereby raising questions of mode effects. Mode analyses revealed that telephone respondents did not differ significantly from those responding via Web or paper on key variables such as evidence-based curricula use and adherence to the curriculum guide. Although we are unable to assess mode effects for the training variables across all three modes, we compared Web and paper respondents and found that mode effects were not a concern in regard to these variables. We thus believe that these findings, in tandem with the fact that the training variables were non-sensitive in nature, indicate that mode effects were not a concern for these analyses.
In summary, our findings provide insight into the current state of teacher training in the United States as it relates to the implementation of evidence-based substance use prevention curricula in public middle schools. Given the low levels of fidelity reflected in our study, more work is needed to ensure that these curricula are implemented as planned and, therefore, have the greatest opportunity to prevent adolescent substance use. The effective preparation of teachers, which should clearly include an emphasis on adherence, plays a critical role in achieving that goal. Note. Estimates are weighted, n is unweighted.
a Analyses include only those teachers who reported having been trained in the curriculum they used the most (unweighted n=276). 
